The purpose of this study was to evaluate the respiratory morbidity status within the two to three years among successful (completed/cured) treatment of tuberculosis cases during a haze year (2015) and a post-haze year (2016). The study was conducted among 133 cases of a 2015 group and 103 cases of a 2016 group between January to March 2018 in Pekanbaru city, Indonesia. The St George Respiratory Questionnaire (SGRQ) was used to assess respiratory morbidity status. A higher score corresponds to worse respiratory morbidity. Based on a directed acyclic graph, quantile regression models were constructed to assess the associations between haze/post-haze year and the SGRQ (symptom, activity, impact, and total) domains score. The subsequent respiratory morbidity status of tuberculosis (TB) cases was poorer among respondents treated during a haze year (2015). Among SGRQ domains, only the activity domain score showed significant difference, in which the median for the 2015 group was 23.7 (inter-quartile range (IQR); 17.2, 30.9) compared to 18.4 (IQR; 11.9, 24.8) for the 2016 group. The effect was limited to the 2015 group who were exposed by an average PM 10 index ≥ 55 during TB treatment. This raises concern for monitoring and improving the quality of life of TB patients treated during a haze year.
Introduction
Tuberculosis (TB) is one kind of chronic respiratory disease still posing a public health challenge in Indonesia [1] . The morbidity of this disease includes not only physical symptoms (cough and difficult breathing) but also psycho-social aspects (worry, lack of energy, and feeling of depression), that need to be identified among patients. Both respiratory morbidity aspects are covered in Health-related Quality of Life (HRQoL) [2, 3] . Despite successful TB treatment bringing significant benefit to patients in terms of relief from physical symptoms [4] [5] [6] , their quality of life compared with the general population is still poor [6, 7] . Several factors are already known to be associated with the quality of life of TB patients, including demographic (age, gender), socioeconomic (income, education, social security), behavior (smoking), therapy related (treatment adherence), and psycho-social aspects (stigmatization) [8] [9] [10] .
Air pollution is the main environmental health problem in many countries in Asia [11] [12] [13] . The sources of ambient air pollution are mainly industrial emissions and pollution from burning of fossil fuel used for transportation. In addition, in some areas of Indonesia, the air pollution sources also from open land burning fire [14, 15] . Following WHO air quality guidelines [13] , governments in Asia have set efforts to control the ambient air quality level. In China, for example, the air pollution control policy has seen successfully improving air quality levels (PM 2.5 indicator) in Yangtze River
Study Population
The list of TB patients treated in the years 2015 and 2016 was extracted from the TB surveillance report. The TB study population frame was developed on two groups based on the pattern of the daily PM 10 index. Information related to air quality data was obtained from the citywide Pekanbaru Environment report. Since the high air pollution levels were recorded between July to October 2015 ( Figure 1a ), patients who started treatment between 1st April and 30th October 2015 (haze-year group) were exposed to higher average air pollution level than those who started treatment between 1st January to 31st July 2016 (post-haze year group).
Inclusion criteria for the sampling frame were: confirmed new pulmonary TB case (with smear positive or smear negative on initial examination), having successful TB treatment (completed or cured), and aged between 18 and 70 years at the start of treatment. From this population frame, TB personnel in each public health center (Puskesmas) traced the cases' medical records to ensure they had a telephone number and could be reached. Cases who were known to have already died, to have migrated, or to have any current severe cardiovascular diseases (Chronic Obstructive Pulmonary Disease (COPD), bronchitis, coronary heart disease), or to be pregnant according to the medical record were excluded.
The required sample size was calculated based on detecting a difference between the means of two groups. The minimum clinically important difference in SGRQ scores has been reported to be four points [26] . The minimum sample size, assuming equal group sizes, for detecting a true difference in means between the exposure group and the comparison group of 4 points with a standard deviation of 10 points, was 99 per group. Using a simple convenience technique, about 150 respondents from each of the 2015 and 2016 groups were initially selected. About 20-30 cases per month of starting treatment of each group were contacted by telephone by the TB manager of each Puskesmas to explain the purpose of the study and invite them to the Puskesmas on a specified date to participate in the study.
Study Procedure
Data collection was done during the respondents' visit to the Puskesmas. After receiving an explanation about the research objective, including the risks and benefits, respondents were asked to fill out a self-administered questionnaire. The research assistants then accompanied respondents to ensure they had answered all of the questions. Approximately 30-45 min was required to complete the questionnaire. The questionnaire collected information covering two areas:
A. Individual characteristics; age, sex, education, occupation, income, and current smoking behavior.
B. Respiratory morbidity status by using the Indonesian version of the St George's Respiratory Questionnaire (SGRQ). This questionnaire was created by Professor Jones in the UK and is available online in the English language version [27] .
Age was defined as the completed years of age at the time of data collection and categorized into young (<33 years), middle (33-49 years), and older (>49 years) age groups. Education group was defined by the highest formal educational level achieved and categorized into: low (primary and secondary education) and high (tertiary and university education). Occupation group was defined by the type of occupation performed daily and categorized into: outdoor job (informal worker, driver, parking officer, farmer) and indoor job (formal worker, household work, shopkeeper, student). Income group was calculated from the whole household monthly income divided by the number of household members and categorized into less than the median and more than or equal to the median. The smoking group was defined as those who currently used tobacco daily and categorized into smoker and non-smoker.
For each participant, the medical record was retrieved to extract information, such as the date of starting treatment and the date of finishing treatment, initial Acid Fast Bacillus (AFB) sputum examination result, the month of negative sputum conversion and treatment result status. The initial AFB sputum examination result group was categorized as positive or negative. The conversion month group was defined as the month showing a negative smear result after the intensive phase treatment. The treatment result group was defined as the successful status at the end of treatment and classified as completed or cured.
Daily citywide air quality data were gathered from Pekanbaru Environment Agency as the air quality index (AQI). AQI is an unitless number that is generated from the conversion of different ranges of air pollutant concentration measurement by an equation to indicate the level of danger to health. These AQI encompass the routinely measured pollutants, includes solid particulate (PM 10 ), carbon monoxide (CO), nitrogen dioxide (NO 2 ), ozone (O 3 ), and sulfur dioxide (SO 2 ). For each pollutant, a sub-index was calculated from a segmented linear function that transforms ambient concentrations into a scale extending from 0 through 500, which corresponds with a health advisory to the public [17] . The Indonesian classification of Air Quality Index (AQI) level [17] classified air quality into good (≤50), moderate (>50-100), unhealthy (>100-200), very unhealthy (>200-300), and hazardous (>300) level.
Among major air pollutants, PM 10 had received much attention [28] . Since the air quality in the immediate vicinity of each patient was not available, and the level of PM 10 changed every day during the treatment period of each patient, the estimated average PM 10 to which each case was exposed during treatment was calculated for each respondent as the geometric mean of the daily citywide mean PM 10 air quality index from two months before the date of starting treatment until the last date of the 6-month treatment period. The level of average PM 10 index exposure was categorized into 3 groups. These were determined based on the maximum geometric mean PM 10 index of exposure among the 2016 group as reference (< 40) and the median of the PM 10 index of 55 among the 2015 group.
Statistical Analysis
The SGRQ measures respiratory morbidity in 3 domains to give symptom (severity and frequency), activity (current state impairment of breathlessness), impact (social function and psychological disturbances), and total domain (overall health condition) scores. Each domain score and the total score are calculated from a weighted sum of the individual items in each domain. The scores can be obtained with the Excel-based SGRQ calculator, which can be downloaded from: www.readaptsante.com › 10-st-george_respiratory_questionnaire_calculator. The scales range from zero for optimal health to one-hundred for worst health [27] .
Data were summarized as median with interquartile-range for SGRQ scores and number and percentage for each categorical variable. Comparisons between year and across groups were tested with the rank-sum test for SGRQ score data and chi-square for categorical data. A directed acyclic graph (DAG) was constructed to visualize the hypothesized association between variables of interest and identify the minimal sufficient adjustment set required for estimating the total effect of an exposure on the outcome [29] . Quantile regression models were constructed to identify significant predictors of the median SGRQ score. A p value < 0.05 was considered statistically significant in all analyses.
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Results

Respondents' Characteristics
A total of 265 respondents attended the Puskesmas. However, only 236 respondents were enrolled. The remaining were excluded from this study for several reasons; 12 could not read or respond to the questionnaires well, eight refused to enroll, and nine were sick and visited Puskesmas for treatment. There were 133 cases from the 2015 group and 103 cases from the 2016 group who participated in the study. Statistically significant difference was found between cases treated in years 2015 and 2016 in term of PM 10 exposure group (Table 1) . The value indicated absolute number (percentage). The value indicated absolute number (percentage). Figure 1a displays the record of the daily average PM10 index in 2015-2016. The PM10 index started increasing above unhealthy levels (PM10 AQI > 100; PM10 > 150 µg/m 3 ) at the end of July and reached the hazardous level (PM10 AQI > 300; PM10 420 µg/m 3 ) between September and October 2015. The warning of the hazardous level was declared by the government when the AQI reading reached a level of >300 on 9th September 2015. This status was abandoned when the AQI reading dropped to less than 200 at the end of October 2015. However, throughout 2016, the air quality remained in the good and moderate levels (<100). Figure 1b summarizes the geometric mean of individual participant's exposure to PM10 in the period from two months prior to and during the treatment period. Each point in Figure 1b indicates the geometric mean of the PM10 Index exposure plotted against the date of the starting treatment of each participant. Since the high air pollution levels were recorded between July to October 2015 (Figure 1a ), patients who started treatment between 1st April and 30th October 2015 (haze year group) were exposed to a higher air pollution level than those who started treatment between 1st January to 31st July 2016 (post-haze year group) . Figure 1b summarizes the geometric mean of individual participant's exposure to PM 10 in the period from two months prior to and during the treatment period. Each point in Figure 1b indicates the geometric mean of the PM 10 Index exposure plotted against the date of the starting treatment of each participant. Since the high air pollution levels were recorded between July to October 2015 (Figure 1a ), patients who started treatment between 1st April and 30th October 2015 (haze year group) were exposed to a higher air pollution level than those who started treatment between 1st January to 31st July 2016 (post-haze year group). Table 2 shows the median total score and the scores of the three SGRQ domains (symptom, activity, and impact). The haze year group reported a significantly higher median score for activity domain than the post-haze year group. Table 2 . Distribution of symptom, activity, impact, and total (SGRQ) domain scores for former tuberculosis (TB) patients two-three years after completion of TB treatment in the study population.
Air Pollutant Exposure
Comparison of Respiratory Morbidity Status between Respondents Treated in 2015 and 2016
Group
Symptom Score Activity Score Impact Score Total Score The * indicates a significant difference in the median of score between the haze and post-haze group.
Factors Associated with Score of SGRQ Score
Based on the pre-compiled DAG (Figure 2 ), quantile regression models were constructed to identify the associations between the haze/post-haze year and other potential predictor factors and the SGRQ domain score. Adults aged > 49 years and 33-49 years had, respectively, a 5.01 (95% CI 2.04, 6.52) and 9.49 (6.86, 11.08) points higher total domain score compared to those aged < 33 years, and the effect of age was significant in all domains. Males had significantly higher activity and total domain scores (Table 3) . Respondents who reported being current smokers showed a 5.43 (1.19, 8.17) points higher total domain score than those who were non-smokers. This significant effect was seen in all SGRQ domains. Although, overall, the 2015 group had a significantly poorer activity domain score, subdividing the 2015 group based on the level of the PM 10 index exposure revealed that those receiving an average PM 10 index ≥ 55 in 2015 had a poorer outcome than the 2016 group. The * indicates a significant difference in the median of score between the haze and post-haze group.
Based on the pre-compiled DAG (Figure 2 ), quantile regression models were constructed to identify the associations between the haze/post-haze year and other potential predictor factors and the SGRQ domain score. Adults aged > 49 years and 33-49 years had, respectively, a 5.01 (95% CI 2.04, 6.52) and 9.49 (6.86, 11.08) points higher total domain score compared to those aged < 33 years, and the effect of age was significant in all domains. Males had significantly higher activity and total domain scores (Table 3) . Respondents who reported being current smokers showed a 5.43 (1.19, 8.17) points higher total domain score than those who were non-smokers. This significant effect was seen in all SGRQ domains. Although, overall, the 2015 group had a significantly poorer activity domain score, subdividing the 2015 group based on the level of the PM10 index exposure revealed that those receiving an average PM10 index ≥ 55 in 2015 had a poorer outcome than the 2016 group. 
Discussion
Identifying and improving the quality of life [2, 3] is an important component in TB post-treatment management in the aspect of respiratory morbidity. Our findings show that, overall, the respiratory morbidity in TB cases was still poor within two-three years after their being declared cured or treatment completed. The subsequent respiratory morbidity of TB cases in the activity domain was significantly poorer among respondents treated during a haze year, but the effect was limited to those with an average PM 10 index exposure ≥ 55. Smoking and older age were significantly associated with poorer respiratory morbidity in all SGRQ domains.
There is no routine information available in Indonesia about respiratory morbidity assessment in TB treatment process [4, 5] . In this study, we assessed the respiratory morbidity using St Georges Respiratory Questionnaires (SGRQ), which is a validated measurement tool for HRQoL for several chronic respiratory diseases [9, 27] , including in TB studies in the USA [30] and in Indonesia [31] . The SGRQ measures patients' perception of respiratory problems in the past one to two years (symptom domain), disturbances to daily physical activity on the current date (activity domain), and disturbances of psycho-social function on the current date (impact domain) [9, 27] . In our study, the overall SGRQ domain score in both groups was still higher (worse morbidity) than that of healthy subjects without a history of respiratory disease [9] . Our findings are consistent with previous studies, indicating that physical (symptom and activity domain) and psycho-social (impact domain) scores after successful treatment of respiratory diseases show a poorer score than in the general population [4, 30, 32, 33] .
Our study indicated that the overall of SGRQ score among patients treated in the haze year appeared higher than patients treated in the post-haze year. There was evidence that treatment during a haze year was significantly associated with worse morbidity in the activity domain. However, the effect was limited to those who were exposed by an average PM 10 index ≥ 55 during TB treatment. Physiologically, PM 10 can induce cough or breathlessness symptoms in the long-term [23] . Further, this may affect the respondent's current perception of the activity domain question. Caution should be noted, however, as a high activity score may be related to persisting residual respiratory symptoms due to bronchial and parenchyma sequelae [30] or other underlying co-morbid conditions that affect health for a longer term. We did not perform pulmonary function tests [32] , chest radiology, or blood laboratories for investigating the existence of other diseases that may influence the current state of the activity domain.
There was no evidence of association between the haze/post-haze year and symptom domain. This may be because the symptom domain questions asked about the respiratory symptom experienced in the past, and most of the respondents experienced similar symptoms. Though not significant, respondents starting treatment during the peak of haze (corresponding to PM 10 index exposure level of 40-55), appeared to have higher symptoms score. This result is in accordance with a study by Muniyandi [8] , who found symptoms, such as breathlessness, cough, and chest pain, were still experienced by TB patients one-year after treatment. Moreover, there is no evidence of association between PM 10 exposure level to impact domain. Compared with other domain scores, this impact domain score was lower. While the disease itself is already cured, patients may still experience psycho-social aspects, such as lack of energy or a feeling that exercise is not safe, but the different levels in personal, cultural, and social support among respondents may have an influence in this domain [34] .
In our study, males showed higher activity and total domain scores, possibly owing to their higher prevalence of smoking. There is doubt whether sex has an independent role in HRQoL. A meta-analysis by Guo [3] included studies by Muniyandi in India and by Yang in China, indicating that females tend to report poorer health. However, studies by Ting Li [35] in Kiribati and Pasipanodya [30] in the USA have indicated that sex has no role in HRQoL. The sex difference related to disease perception may differ among different cultures.
In accordance with the results of other studies [3, 32, 36, 37] , being of older age and a smoker were significantly associated with worse HRQoL in all domains in our study. There is a possibility of some of the patients developing bronchial and parenchyma sequelae, which occur despite microbiological cure due to aging [30] . Indonesia has the highest smoking rates in the world. The male smoking rate in Indonesia is about 76%, much higher than that of females of 3.6% [38] . Smoke contains particulate matter and other toxic chemical substances that are already known as a risk for lower HRQoL. The smoking behavior in many workplaces or indoor rooms contributes, with a higher amount of secondhand smoke. Moreover, secondhand smoke was associated with lower HRQoL more significantly in women [39] . Thus, an integrated TB treatment and smoking cessation program should be considered to improve HRQoL of TB cases [40] . In addition, providing intensive health promotion among the older and smoker group, such as having a regular medical examination, may provide benefits for detecting the worst respiratory impairments.
Our study described the respiratory morbidity status among the target population group in Pekanbaru, and the findings may not be generalizable to other populations. Limitations of this study include both selection bias and information bias. As the 2015 haze crisis had already abated for three years and many patients treated during that period were difficult to reach, recruiting the subjects was challenging. The subjects who participated may have been more aware of the importance of TB treatment, and this may not represent the true spectrum of quality of life of former TB cases in the population. As we had informed respondents by phone that the purpose of the study was to measure the current health status and asked them to visit the local Puskesmas, their responses may not have been spontaneous. Therefore, SGRQ reflects perceptions at the current date when the question was asked. Since SGRQ is self-assessed, the answer also depends on the respondent's intention and personality background and how they perceived their health condition. In addition, as we assume all respondents to be exposed to the same daily average of PM 10 index, the citywide air quality data may not provide an accurate estimate of individual exposure. Despite these limitations, this study contributes to our understanding of possible long-term effects on respiratory morbidity of air pollution due to haze exposure during TB treatment.
Conclusions
The subsequent respiratory morbidity status of TB cases in the activity domain was poorer among respondents treated during a haze year (2015) in Pekanbaru, but the effect was limited to those with an average PM 10 index exposure ≥ 55. Moreover, the respiratory morbidity-related quality-of-life of cases who were older and smokers were significantly worse. This raises concern for monitoring and improving the quality of life of TB patients treated during a haze year. Concern to improve the quality of life of patients should be given to TB patients, particularly among the smoker and older groups.
